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CLAIMS 



[Claim 1] Ti02 whose particle size is 5-300nm from - the compound ultrafme particle which an 
ultrafine particle with a particle size [ of a minor diameter ] of 0.5-50nm projects from this on the 
becoming ultrafine particle front face, and it comes to support - it is - the above Ti02 an ultrafine 
particle - anatase mold Ti02 Rutile mold Ti02 Ti02 characterized by including an ultrafine particle 
System compound ultrafine particle. 

[Claim 2] Ti02 according to claim 1 which are at least one sort of metals chosen from the group 
which the ultrafine particle supported becomes from Fe, Co, nickel, Cu, Ru, Rh, Pd, Ag, Pt, and Au, 
or/and its compound (the ceramics is included) System compound ultrafine particle. 

[Claim 3] Ti02 from - the becoming ultrafine particle - anatase mold Ti02 50 - 80 % of the weight 
of ultrafine particles, and rutile mold Ti02 Ti02 according to claim 1 or 2 which consists of 20 - 50 
% of the weight of ultrafine particles System compound ultrafine particle. 

[Claim 4] general formula Ti-M (it Rh(s) however, M - Fe, Co, nickel, Cu, and Ru -) they are at 
least one sort of elements chosen from the group which consists of Pd, Ag, Pt, and Au. The inside 
of the gas ambient atmosphere which contains oxygen or/and nitrogen for the raw material which 
consists of a presentation shown, [ whether the heating dissolution is carried out in an inert gas 
ambient atmosphere or nitrogen-gas-atmosphere mind, and the raw material which evaporated is 
made to react with the oxygen in the above-mentioned ambient atmosphere, and ] or it reacts with 
oxygen after ultrafine particle generation - making - Ti02 from - Ti02 characterized by producing 
the compound ultrafine particle which the ultrafine particle of a minor diameter projects from this on 
the becoming ultrafine particle front face, and it comes to support The manufacture approach of a 
system compound ultrafine particle. 

[Claim 5] The approach according to claim 4 using the alloy which consists of Ti50 - 99 atom %, 
and one to M element 50 atom % as a raw material. 



DETAILED DESCRIPTION 



[0001] 

[Industrial Application] this invention - Ti02 a system compound ultrafine particle and its 
manufacture approach - being related - further - detailed - Ti02 from - Ti02 which the ultrafine 
particle of a minor diameter projects from this on the becoming ultrafine particle front face, and it 
comes to support It is related with a system compound ultrafine particle and its manufacture 
approach. 




[0002] 

[Description of the Prior Art] Ti02 It is known that it is very effective as a photocatalyst. For 
example, if a semi-conductor (Ti02) electrode and a platinum electrode are immersed underwater 
and light is irradiated, in a semiconductor electrode, the electron (e-) which suited the valence band 
will be excited by the conduction band, and an electron hole (h+) will generate to a valence band. 
Consequently, h+ produced in the valence band It moves to a semiconductor electrode front face, 
and reacts with water according to the reaction formula (1) of the following-izing 1 , and oxygen 
occurs from the front face of a semiconductor electrode. 
[Formula 1] 

2H2 0 + 4h+ -> 02** + 4H+-(1) 

[0003] On the other hand, from the interior of a semiconductor electrode, the excitation electron (e- 
) produced in the conduction band reaches a platinum electrode through lead wire, returns a proton 
(H+) like the reaction formula (2) of the following-izing 2 here, and generates hydrogen. 
[Formula 2] 

2H+ + 2e-->H2**-(2) 

The decomposition reaction of the water by such semiconductor electrode is called Honda and the 
Fujishima effectiveness. 

[0004] Although research on a semi-conductor photoelectrical pole has been advanced all over the 
world by doing the beginning Honda's and Fujishima's and others research, it is found out instead 
of using a semiconductor electrode that the decomposition reaction of water occurs also with the 
photocatalyst which made noble metals, such as Pt and Ru, adhere on semi-conductor powder. 
This principle is the same as that of electrode reaction, and it is thought here that Pt which adhered 
on semi-conductor powder carries out the duty of a cathode, as a semi-conductor - the above 
Ti02 others - SrTi03 etc. is used (strontium titanate). Disassembling alcohol and the organic 
substance more easily is also known rather than such a photocatalyst disassembles water, 
moreover, Ti02 etc. - it is indicated by JP,4-29393,B that the powder which made semi-conductor 
powder or this support Pt etc. has a killer cell operation to various microorganisms, tumor cells, 
etc., such as bacteria, an Actinomyces, mold, algae, and yeast, furthermore, Ti02 etc. - a 
photocatalyst has the deordorization effectiveness - JP,4-307066,A - moreover, OH radical 
generated when these receive an optical exposure in the condition of touching with the moisture in 
the oral cavity is made to generate dental plaque disintegration or a dental plaque - a disease 
germ - it is indicated by JP,3-20363,B that the germicidal action to a mu factor wardrobe bacillus is 
shown. 

[0005] It is Ti02 as mentioned above. It is the rutile mold Ti02 obtained by JP,2-6333,A by carrying 
out vapor-phase-oxidation decomposition of the titanium tetrachloride, for example as the 
manufacture approach of the powder which adhered the metal on the surface of the particle. It is 
Ti02 by being first immersed into a stannous chloride water solution, and subsequently to the 
inside of a palladium-chloride water solution immersing powder. The method of making palladium 
adhere to a particle front face is indicated. Moreover, said JP,3-20363,B is made to suspend semi- 
conductor powder in a chloroplatinic acid water solution, and the optical electrocrystallization 
method for depositing platinum on a semi-conductor and the kneading method which kneads semi- 
conductor powder with platinum black are proposed by carrying out an optical exposure under 
nitrogen-gas-atmosphere mind. 
[0006] 

[Problem(s) to be Solved by the Invention] It is Ti02 as described above. It is very effective as a 
photocatalyst. especially the compound ultrafine particle that supported ultrafine particles, such as 
a metal and its oxide, on the front face of Ti02 ultrafine particle discovers said catalyst property of 



versatility which was carried out - high - it is expectable as an activity photocatalyst. The former 
and Ti02 The powder which made the metal etc. adhere to a particle front face is produced mainly 
by the liquid phase process, as described above. However, in order to produce in a liquid, the 
component contained in the liquid remains as an impurity into powder, and there is a problem that 
the activity as a catalyst will become low by it. although it is necessary to raise powdered purity in 
order to acquire the catalyst of high activity especially, or the correspondence is difficult in the case 
of a liquid phase process - or a production process - complicated - cost - it will become quantity. 
[0007] Moreover, in the case of a well-known liquid phase process, it is Ti02 conventionally. A 
metal is made to adhere to a Ti02 particle front face by powdered chemical preparation. Ti02 To 
generation and coincidence of an ultrafine particle, it is Ti02. Producing the compound ultrafine 
particle of nm order which supported ultrafine particles, such as a metal and its oxide, on the 
surface of the ultrafine particle at one step of process by the gaseous-phase method is not 
conventionally known, as far as this invention persons get to know. Furthermore, Ti02 of the 
anatase mold marketed Since powder is produced at low temperature as compared with a rutile 
mold, generally in the liquid phase process with them, Ti02 powder of a rutile mold with few 
impurities than an anatase mold is used as a start ingredient (refer to above-shown JP,2-6333,A). [ 
there are many impurities, therefore conventionally well-known ] However, on the other hand, it is 
Ti02 of a rutile mold. Powder has the difficulty that the activity of a photocatalyst is low as 
compared with an anatase mold. 

[0008] Therefore, the fundamental purpose of this invention is Ti02. It is in offering the compound 
ultrafine particle of nm order which supported ultrafine particles, such as a metal and its oxide, on 
the surface of the ultrafine particle. Furthermore, the purpose of this invention is Ti02 which 
supports ultrafine particles, such as a metal and its oxide. An ultrafine particle is Ti02 of both an 
anatase mold and a rutile mold. It is in offering the high activity which may discover various 
photocatalyst properties which were described above by the light of a comparatively wide range 
wavelength region, and the compound ultrafine particle of a high grade including an ultrafine 
particle. Other purposes of this invention are to offer the approach that the above compound 
ultrafine particles can be manufactured comparatively easily at one step of process by the 
gaseous-phase method. 
[0009] 

[Means for Solving the Problem] Ti02 whose particle size is 5-300nm according to this invention in 
order to attain said purpose from - the compound ultrafine particle which an ultrafine particle with a 
particle size [ of a minor diameter ] of 0.5-50nm projects from this on the becoming ultrafine particle 
front face, and it comes to support — it is — the above Ti02 an ultrafine particle - anatase mold 
Ti02 Rutile mold Ti02 The Ti02 system compound ultrafine particle characterized by including an 
ultrafine particle is offered. In a suitable mode, said ultrafine particles supported are at least one 
sort of metals chosen from the group which consists of Fe, Co, nickel, Cu, Ru, Rh, Pd, Ag, Pt, and 
Au, or/and a compound (the ceramics is included) of those. 

[0010] Furthermore, according to this invention, the approach for manufacturing the above 
compound ultrafine particles is also offered. The approach General formula Ti-M (however, M is at 
least one sort of elements chosen from the group which consists of Fe, Co, nickel, Cu, Ru, Rh, Pd, 
Ag, Pt, and Au.) The inside of the gas ambient atmosphere which contains oxygen or/and nitrogen 
for the raw material which consists of a presentation shown, [ whether the heating dissolution is 
carried out in an inert gas ambient atmosphere or nitrogen-gas-atmosphere mind, and the raw 
material which evaporated is made to react with the oxygen in the above-mentioned ambient 
atmosphere, and ] or it reacts with oxygen after ultrafine particle generation - making - Ti02 from 
- it is characterized by producing the compound ultrafine particle which the ultrafine particle of a 




minor diameter projects and it comes to support from this on the becoming ultrafine particle front 
face. In a suitable mode, the alloy which consists of Ti50 - 99 atom %, and one to M element 50 
atom % as the above-mentioned raw material is used. 
[0011] 

[Function and Embodiment of the Invention] That this invention persons should attain said purpose, 
wholeheartedly, in case an alloy is fused with an arc etc. and an ultrafine particle is manufactured 
as a result of research, while using the gas ambient atmosphere which contains oxygen or/and 
nitrogen as the ambient atmosphere, an inert gas ambient atmosphere, or nitrogen-gas- 
atmosphere mind If the alloy of the presentation shown by general formula Ti-M (M=Fe, Co, nickel, 
Cu, Ru, Rh, Pd, Ag and Pt, or Au) is used as a hardener which dissolves with an arc etc., as shown 
in drawing 1 Ti02 from - it found out that the detailed compound ultrafine particle of nm level of the 
structure which ultrafine particles, such as a metal (M) of a minor diameter and its oxide (M-O), 
joined to the becoming ultrafine particle front face from this was produced. In this case, each Ti02 
An ultrafine particle is the anatase mold Ti02. An ultrafine particle or rutile mold Ti02 Although it 
consists of either of the ultrafine particles, it is Ti02 of both molds. An ultrafine particle generates, 
namely, the compound ultrafine particle produced - overall - a support particle (big particle of the 
path which is supporting the particle of a minor diameter) - Ti02 of an anatase mold from - Ti02 
of the becoming compound ultrafine particle and rutile mold from -- it consists of becoming mixture 
of a compound ultrafine particle. Each Ti02 [ on the other hand ] The ultrafine particles of a minor 
diameter are only a metal (M) and its oxide, or a metal and its oxide are mixed and they exist rather 
than it is supported by the ultrafine particle. 

[0012] When the gas (inert gas or nitrogen gas) ambient atmosphere which contains oxygen as a 
controlled atmosphere is used, the compound ultrafine particle of the structure described above in 
the ultrafine particle generation process is produced. On the other hand, since the ultrafine particle 
generated in the ultrafine particle generation process does not serve as an oxide system when a 
controlled atmosphere does not contain oxygen, it is necessary to make it react with oxygen after 
that, and to change into an oxide system. Since the compound ultrafine particle of the structure 
which supported two or more M metal particles of a minor diameter more by the TiN particle 
generates when only nitrogen gas is used as a controlled atmosphere, it heat-treats and oxidizes in 
an oxygen ambient atmosphere (for example, atmospheric air) after that. By it, it is Ti02. The 
compound ultrafine particle of the structure which the metal (M) and its oxide (M-O) of a minor 
diameter joined on the surface of [ this ] the ultrafine particle is obtained. 



